Studies into the overall risk and quality of anaesthetic and surgical care have focused mainly on death rates after operative procedures, z-6 Few studies have examined the incidence of nonfatal complications, and few have examined the relationship between the preoperative condition of the patient, intraoperative factors, and eventual outcome. 7 Large sample sizes are needed to assess anaesthetic and surgical outcomes because postoperative complications and deaths are relatively rare events. One large study by Lunn et at. 8 reviewed over 150,000 anaesthetics administered to patients over a twenty-year period in Cardiff, Wales. They found that overall mortality rates fell from 1 in 35 anaesthetics administered in 1958 to 1 in 46 by 1977. However, they did not report nonfatal anaesthetic complications.
This paper presents the outcomes over a nine-year period from one large tertiary hospital serving a population of one million. Preoperative, intraoperative and postoperative variables were recorded in a systemic followup program initiated in 1975, and enabled an evaluation of anaesthetic and surgery related factors over time.
Methods
The Health Sciences Centre in Winnipeg is a 1,000-bed university affiliated teaching hospital with a separate Department of Anaesthesia since 1964. Since 1975, the Department of Anaesthesia has carried out a postanaesthetic followup program, which has been previously described in detail. 9 In brief, for each anaesthetic administered to adult patients (obstetrics excluded), a check-off form has been completed by the attending anaesthetist. Information about ASA physical status, preoperative conditions, preoperative drug usage in the previous year, anaesthetic agents administered, anaesthetic technique used, duration of anaesthesia, monitors used, and intraoperative complications were recorded. With one exception, the variables and their definitions were the same throughout the study period. Recovery room complications were recorded by the recovery room nursing staff.
A specially trained nurse (the same individual throughout the study period) visited most long-stay patients and reviewed their charts. (It was not possible to visit day surgery or short-stay patients and therefore these are not included in the tabulations for postoperative complications.) If significant preoperative, intraoperative, or recovery room information was not entered by the anaesthetist, the nurse undertook to enter these variables for completion and accuracy of the record (thus minimizing anaesthetist bias). For patients interviewed, the nurse recorded any postoperative complications believed to be associated with anaesthesia which were unexpected, prolonged or unusual in nature. Defined criteria were used for each complication, and subjective symptomatology had to be voluntarily offered by the patient. Complications were judged to be major if they were considered a threat to the patient's life, prolonged the hospital stay or otherwise affected the outcome of the hospitalization. A complication was considered minor if it was in the nature of discomfort or inconvenience. The record was subsequently returned to the anaesthetist for a final review and his personal followup information. Since the anaesthetic record incorporated the billing sheet for the anaesthetic, the incentive to participate in the followup program was very high. A cross-check of the anaesthesia data base with the Manitoba Health Insurance Plan showed less than two per cent of cases were not recorded, and of these the majority were explanable by typographical errors in one of the files. Upon completion, the record was transferred for data processing. Previous to this study, monthly and yearly printouts had been produced which highlighted aberrations in protocol, complications or recording errors.
For the purpose of this study, reported complications were divided into three categories: intraoperative, recovery room and postoperative complications. As a validity check, a random sample of 100 charts from 1975 to 1983 was drawn, and the data on complications were confirmed by two experienced anaesthetists. The agreement between the anaesthetists was very high and therefore the computerized file was considered to be valid for purposes of this study. There was no difference in the validity between records from earlier or later years. There was no attempt made to definitively distinguish complications due to surgery from those due to anaesthesia. However, only complications of interest to anaesthetists (e.g., aspiration, hypotension and so forth) were recorded. For ease of presentation and to reflect changes over time, the data were grouped into two time periods 1975-78 and 1979-83. There were 52,197 anaesthetics administered in the first time period and 60,524 in the second. All data presented are based on the number of anaesthetics administered.
Results
The American Society of Anesthesiologists Physical Status Classification (ASA) of the patients is seen in Table I . The majority (80.9 per cent) of ASA 1 or 2 patients were elective, while the majority (56.1 per cent) of ASA 4 or 5 were emergencies. The proportions of patients rated in ASA categories 1 and 2 decreased over time with a corresponding increase in the proportion of patients classified as ASA 3 or more and in the emergency categories. While this may reflect a more accurate preoperative assessment by anaesthetists because of a more precise definition of ASA categories, it most likely reflects a trend towards the treatment of more seriously ill patients and the development of the institution as a tertiary referral hospital. Preoperative conditions among patients are seen in Table II The proportion of patients with preoperative conditions increased in the second time period from 52.8 to 56.2 per cent, but the types of conditions seen were not that different (the proportion of "other conditions" was the same). Overall, the proportion of patients with no preoperative conditions fell from 47.2 per cent in the first time period to 43.8 per cent in the second and the proportion of patients with two or more preoperative conditions increased from the first time period to the second. While these observations might reflect a reporting bias, the large number of participating anaesthetists (28 staff plus residents annually) and lack of incentive to augment patient assessments leaves such speculation unsupported. For example, the proportion of patients deemed "obese" was about the same in the two time periods, suggesting that the classification of these conditions was not substantially changed over time.
Approximately 12 per cent of patients acknowledged the use of medications during the year prior to surgery. Antihypertensives and diuretics were used in 5.8 and 5.7 per cent of the cases from the first time period and 8.1 and 7.4 per cent respectively in the second time period. (The exact type of drug was not recorded in the computer file.) The proportion of patients who had not used a preoperative drug decreased in the second time period from 62.5 to 60.1 per cent. The percentage of patients who used at least one drug in the previous year increased from 37 to 39 per cent in the second time period. However, the proportion using four or more drugs was the same (0.5 per cent).
The site of the surgical procedure (but not the specific procedure) was recorded and the tabulations can be found in Table III . Operative procedures in the perineal site (e.g., cystoscopy and D & C) were the most commonly performed and amounted to one quarter of all procedures in both time periods. The next most common site of operative procedures was intraabdominal (including such procedures as eholecystectomy, abdominal hysterectomy and so forth) (23 per cent in time period one and 20.9 per cent in time period two). Surgery on the extremities (about 16 per cent in both time periods) and on the "eye, ear, nose and throat" (about 14 per cent in both time periods) were the next most frequently performed. Surgery on the intrathoracic and major vascular sites showed the most marked increases over time (proportional increases of 44 and 71 per cent respectively), and was reflected in the increase in mean anaesthesia (operating) time from 157 minutes in time period one to 187 minutes in time period two. (Open heart procedures were reintroduced at this hospital in 1981 .) Another change which reflected a trend in current medical practices was the increase in endoscopic procedures (proportional increase of 32 per cent). There were some differences in anaesthetic technique between the two time periods. Inhalation anaesthesia with intubation was the most commonly used technique (about 46 per cent) followed by inhalation anaesthesia without intubation. Time period two saw the decline in the use of the pure narcotic technique and inhalation anaesthesia without intubation in favour of "balanced" (multi- showing a proportional decline of about 40 per cent and enflurane a sixfold increase. Barbiturates also decreased in popularity over the nine-year period, used in 89 and 80 per cent of cases respectively. The use of narcotic agents and local anaesthetics showed large increases between the two time periods. The increase in the category "other agents" was mainly due to the introduction of isoflurane in 1981. The use of muscle relaxants increased over time reflecting the tendency towards increased use of balanced techniques in the second time period. Table V shows the use of intraoperative monitors in the two time periods. Virtually all patients had an EKG monitor, and the proportion of anaesthetics administered with an EKG monitor varied from 86 per cent in time period one to 97 per cent in time period two. There was a trend towards the increased use of monitors as reflected in the increased percentage of cases where more than one monitor was used (87.5 per cent in time period one and 97.1 per cent in time period two). It is conjectural whether the increased monitoring reflects the changes in patient population over time, or simply heightened awareness by the anaesthetist of the role of monitoring in modem anaesthesia practice.
Complications encountered during the intraoperative period are seen in Table VI. All complications occurred at a low rate and therefore they are presented as the rate per 10,000 anaesthetics rather than as a percentage. Arrhythmias were the most frequently occurring intraoperative complication with a rate of 355.9 per 10,000 in time period one and 433.0 per 10,000 in time period two. Hypotension was the next most frequently encountered problem. Cardiac arrest occurred infrequently, at the rate of 6.1 per cent of 10,000 anaesthetics in 1975-78 and 7.8 per 10,000 in 1979-83. Aspiration also occurred relatively infrequently (6.5 per 10,000 and 6.3 per 10,000 respectively). Hypertension, respiratory complications other than aspiration, and drug complications occurred much less frequently than arrhythmias or hypotension. Surgical complications were those complications due to a mishap in surgery which, in the judgement of the anaesthetist, affected the course of the anaesthetic. It is likely that these may he underreported. Overall the rates of intraoperative complications were reported as higher in the second time period as compared to the first by about two-fold. When viewed in association with the increased monitoring of patients and a change from intermittent to constant monitoring in later years, it is possible that this increased incidence of operating room complications represents increased recognition rather than an increased incidence per se.
Complications in patients while in the recovery room after surgery are presented in Table VII . With regard to complications due to anaesthesia and/or surgery, it was not uncommon for a complication occurring in the operating room to still be present while the patient was transferred to the recovery room. Therefore it is not possible to merely add plications among those patients who were visited after surgery by the anaesthesia followup nurse. Overall 28,637 patients (55 per cent of all anaesthetics) were visited in the first time period and 34,362 (57 per cent of all anaesthetics) in the second time period. In the first time period 91 per cent of patients had no postoperative complications while 90 per cent had no complications in the second time period. The overall rate of complications per 10,000 anaesthetics was 865 and 54.5 for one and two postoperative complications respectively in time period one and 935 and 49.2 for one and two postoperative complications respectively in the second time period. Of these complications, the rate of those judged to be minor in nature was 893 per 10,000 in the first time period and 942 in the second time period. The major complication rate per 10,000 anaesthetics increased from 41 in the first time period to 45 in the second. As expected, nausea and vomiting (defined as greater than expected and requiring treatment) were the most frequently seen postoperative complication (rate per 10,000 was 512 and 555 in the two time periods). Sore throat (symptom volunteered by the patient) was the next most frequently seen. Postoperative myocardial infarction was seen in 11 patients in period one (3.8 per 10,000) and 47 patients in period two (13.7 per 10,000). Other major complications such as hepatitis occurred infrequently. As with intraoperative and recovery room complications, postoperative complications occurred at a slightly higher rate in the second time period. However, minor complications such as muscle soreness, back .pain and eye problems *Per cent of total number of anaesthetics in which them was at least one complication either intraoperative, in recovery room or postoperative.
occurred significantly less frequently in the second time period. A final tabulation (Table IX) was undertaken to determine the proportion of patients undergoing anaesthesia and surgery who had suffered from at least one complication -whether intraoperative, recovery room or postoperative. There was a statistically significant increase between the two time periods for intraoperative, recovery room and overall complication rates (p < 0.05), but the small increase in postoperative major or minor complication rate was not statistically significant. In the first time period, considering only those patients seen by the postoperative nurse, 25.5 per cent of patients had at least one intraoperative, recovery room or postoperative complication. For the second time period, this increased to 31.6 per cent of all cases. If it is assumed that those patients not seen by the anaesthesia nurse had no complications (or else they would not have been allowed home), then the final tally of patients with operative and anaesthetic related complications was 14.0 per cent of all cases in the first period and 17.8 per cent in the second.
Discussion
Anaesthesia, like any scientifically based medical subspecialty, must base changes in its evolution on the most reliable information concerning the outcome of its efforts. Safety, efficacy and patient satisfaction must be the hallmarks of good anaesthetic care while ongoing monitoring of the success (or failure) in achieving these goals is imperative if professional and technological advances are to be made rationally. Unfortunately such monitoring is neither simple nor inexpensive. Many variables (patient status, surgical procedure, surgical expertise) make the delineation of anaesthesia-related factors obscure. The relative rarity of adverse outcomes makes it imperative to study large numbers of patients over time. Finally, the choice of multiple anaesthetic techniques and the individual physician performance makes generalizations difficult. Nevertheless, for both medical and legal reasons, the specialty of anaesthesia must continue to undertake surveillance, on both a local and national basis, of changes in patient outcomes as a consequence of anaesthetic "progress".
Previously published reports have evaluated the frequency of deaths "related to" anaesthetic procedures or anaesthetic mishaps that have resulted in medical-legal consequences, t~ However, such information is difficult to extrapolate without data about the patient population, practice variables in each situation or the total anaesthetic experience of the surveyed community. In addition, while mortality or medical-legal tragedies may give valuable anecdotal information, the overall frequency of morbidity is unknown. A recent study from France included anaesthesia "accidents" as well as mortality. ~l However, differences in definition of outcomes makes it difficult to compare their series to this study. "Minor" complications, while seldom surveyed in reported series, may be discomforting enough to patients to justify changes in practice. The present study does attempt to present morbidity data obtained systematically over time. Mortality data is not included as the deaths due to anaesthetic complications were rare and tended to occur beyond the usual followup period.
The database presented here is subject to certain limitations in its ability to draw out preoperative patient variables and complications associated with surgery and anaesthesia. First, the data are compiled from a check-off form so that many variables are grouped together and are not very specific. Only those variables listed on the form are tabulated and additional variables of interest must be grouped together in the "other" category, thus potentially missing rare events. In addition, unless the check-off form is updated, changes of importance over time will not be recorded. Second, since the form is filled out by many different individuals, there will be variations in the opinions as to the inclusion or exclusion of some events (e.g., at what level of blood pressure is there significant hypotension?). However, since the same nurse has checked the form over the years, this problem has likely been overcome to some degree. Third, there is the possibility that adverse effects have been underreported. This has been minimized to some extent as the followup nurse reviews the patient's medical chart and records all complications even if the anaesthetist has not. Fourth, the nature of many of the variables is subjective, for example, ASA physical status. There may be changes over time or between physicians in the definition of ASA physical status or the criteria of application. This potential recording bias was minimized by examining all anaesthetics given by a large number of anaesthetists, and by subsequent review by the same followup nurse. Fifth, it is possible that the increase in complications seen was due to the increased use of continuous monitoring. However, it may be argued that continuous monitoring should avert adverse events. For example, should a small drop in blood pressure occur, action could then be taken and a significant hypotensive episode avoided. If intermittent monitoring had been used, then only large or persistent blood pressure drop would have been found. Thus, continuous monitoring should, ideally, show lower complication rates rather than higher ones.
There have been considerable changes over time with regard to anaesthesia and surgery as reflected in this databank. The anaesthetic techniques and agents have shown major shifts from 1975-78 to 1979-83. Predominant in these changes is the replacement of halothane by enflurane, the use of balanced (multiple drug) techniques, and the increased use of regional anaesthesia. These changes may be due to the incorporation of information about adverse effects of some agents, improvements in technology, or decisions based on preoperative patient assessment. In addition, there have been changes in the types of operative procedures performed. This is reflected locally by an increase in intrathoracic, endoscopic and major vascular surgical procedures, changes which may also have affected anaesthetic practise. In addition, the patient population also appears to have changed over these nine years. Several parameters taken together suggest that recently more patients have preexisting medical complications as reflected in the higher proportion of patients in higher ASA categories, the increasing number of patients with more preoperative conditions, and increasing numbers of preoperative drugs. It is not possible to distinguish whether the change in anaesthetic patient profile is due to the more seriously ill patients being treated, or whether newer techniques and monitoring have enabled more seriously ill patients to be considered for more complex surgery. Most likely a combination of these influences has occurred.
Overall the rates of immediate, intra-and postoperative complications are low, but not inconsequential (Table IX) . In contrast to anaesthetic mortality, lz there are no large series with which to compare these results. Even if available, comparisons would be difficult due to differences in patient populations and surgical practice profiles. In this series, the rate of intraoperative and recovery room complications has increased from the first time period to the second despite the changes in anaesthetic techniques. Whether this can be explained by changes in patient population, improved anaesthetic vigilance and monitoring, or simply reporting practise cannot be determined from this study. However, that 17.8 per cent of all cases will experience some anaesthetic-related complication, and that almost ten per cent of patients will be either inconvenienced or suffer some morbidity as a result of the anaesthetic experience is a cause for continued concern.
